Supporting information: this article has supporting information at journals.iucr.org/e Crystal structures and Hirshfeld surface analysis of 2-(adamantan-1-yl)-5-(4-fluorophenyl)-1,3,4-oxadiazole and 2-(adamantan-1-yl)-5-(4-chlorophenyl)-1,3,4-oxadiazole
The crystal structures of the title adamantane-oxadiazole hybrid compounds, C 18 H 19 FN 2 O (I) and C 18 H 19 ClN 2 O (II), are built up from an adamantane unit and a halogenophenyl ring, [X = F (I), Cl (II)], in position 5 on the central 1,3,4-oxadiazole unit. The molecular structures are very similar, only the relative orientation of the halogenophenyl ring in comparison with the central fivemembered ring differs slightly. In the crystals of both compounds, molecules are linked by pairs of C-HÁ Á ÁN hydrogen bonds, forming inversion dimers with R 2 2 (12) ring motifs. In (I) the dimers are connected by C-HÁ Á ÁF interactions, forming slabs lying parallel to the bc plane. In (II), the dimers are linked by C-HÁ Á Á and offset -interactions [interplanar distance = 3.4039 (9) Å ], forming layers parallel to (101).
Chemical context
Considerable attention has been devoted to adamantane derivatives, which have long been known for their diverse biological properties (Liu et al., 2011; Lamoureux & Artavia, 2010) . In view of the pronounced lipophilicity of the adamantane cage, it has been observed that adamantylbearing compounds are characterized by high therapeutic indices (Wanka et al., 2013) . Sixty years ago, the first adamantane-based drug, amantadine, was discovered to be an efficient therapy for the treatment of Influenza A infection (Davies et al., 1964; Togo et al., 1968) . As a result of intensive research based on adamantane derivatives, the adamantane nucleus was further recognized as the key pharmacophore in several biologically active compounds. Among the major biological activities displayed by adamantane derivatives, the anti-HIV (El-Emam et al., 2004; Burstein et al., 1999; Balzarini et al., 2009) , antibacterial (Protopopova et al., 2005; El-Emam et al., 2013; Kadi et al., 2010; Al-Abdullah et al., 2014; AlWahaibi et al., 2017) , antifungal (Omar et al., 2010) , anticancer (Sun et al., 2002) , anti-diabetic (Villhauer et al., 2003; Augeri et al., 2005) and antimalarial (Dong et al., 2010) activities are the most interesting. In addition, 1,3,4-oxadiazole derivatives occupy a unique place in the field of medicinal chemistry as pharmacophores or auxophores possessing diverse pharmacological activities including antibacterial (Prakash et al., 2010; Ogata et al., 1971; Kadi et al., 2007) , anticancer (Zhang et al., ISSN 2056-9890 2014), antiviral (Wu et al., 2015) and anti-inflammatory (Bansal et al., 2014) activities. We report herein on the crystal structure determinations of the title adamantane-oxadiazole hybrid molecules 2-(adamantan-1-yl)-5-(4-fluorophenyl)-1,3,4-oxadiazole (I) and 2-(adamantan-1-yl)-5-(4-chlorophenyl)-1,3,4-oxadiazole (II). The crystal structure of the 4-bromophenyl derivative has been reported previously (Alzoman et al., 2014) , and after examination of the deposited CIF and transformation of the space group, from P2 1 /c to P2 1 / n, it is found to be isotypic with compound (II).
Structural commentary
Compounds (I) and (II), are built up from a central 1,3,4-oxadiazole unit, an adamantane unit and a halogenophenyl group (Figs. 1 and 2, respectively). The C-N bonds in the oxadiazole rings have double-bond character [C7 N1 = 1.279 (5) and 1.292 (3) Å , and C8 N2 = 1.288 (5) and 1.288 (3) Å in (I) and (II), respectively], while the N-N and C-O bonds exhibit single-bond character [N1-N2 = 1.408 (4) and 1.417 (3) Å , C7-O1 = 1.366 (4) and 1.360 (2) Å , and C8-O1 = 1.369 (4) and 1.359 (2) Å in (I) and (II), respectively]. These geometrical parameters are very similar to those observed for similar compounds; see x5. Database survey.
As seen in Fig. 3 , the molecular structures of compounds (I) and (II) are very similar. The largest difference is highlighted by the structural overlay plot, and comes from the relative orientation of the halogenophenyl group with respect to the oxadiazole ring. In compound (II), the rings are almost coplanar with their mean planes being inclined to each other by 9.5 (1)
, while in compound (I) the equivalent dihedral angle is 20.8 (2) .
Supramolecular features
In the crystals of both compounds, molecules are linked by pairs of C-HÁ Á ÁN hydrogen bonds, forming inversion dimers with R 2 2 (12) ring motifs (Tables 1 and 2 , respectively). In the crystal of (I), the dimers are connected by C-HÁ Á ÁF interactions, forming slabs lying parallel to the bc plane (Fig. 4 and Table 1 ). In the crystal of (II), the dimers are linked by C-HÁ Á Á and offset -interactions, forming layers lying parallel to the (101) plane; see Fig. 5 and Table 2 . The offsetinteractions involve inversion-related 4-chlorophenyl rings (C1-C6) with an intercentroid distance of 3.687 (1) Å , an interplanar distance of 3.404 (1) Å , and an offset of 1.418 Å . In Fig. 5 Molecular structure of compound (II), with the atom labelling and displacement ellipsoids drawn at the 50% probability level. Molecular structure of compound (I), with the atom labelling and displacement ellipsoids drawn at the 50% probability level. Table 1 Hydrogen-bond geometry (Å , ) for (I).
Cg1 is the centroid of the C1-C6 ring. Table 2 Hydrogen-bond geometry (Å , ) for (II).
Cg1 is the centroid of the C1-C6 ring. 
Hirshfeld surface analysis
The Hirshfeld surfaces for (I) and (II) mapped over d norm were calculated using CrystalExplorer 17 (Turner et al., 2017) with the default setting of arbitrary units range. The characteristic bright-red spots near atoms H3, H18A, N1 and F1 (Fig. 6) confirm the previously mentioned C3-H3Á Á ÁN1 i and C18-H18AÁ Á ÁF1
ii [symmetry codes: (i) Àx + 1, Ày + 1, Àz + 1; (ii) Àx + 1, y À 1 2 , Àz + 3 2 ] interatomic contacts in the crystal packing of (I). As expected, the same bright-red spots are observed near atoms H3 and N1 on the Hirshfeld surface of (II); see Fig. 7 . The Hirshfeld surface mapped over the shapeindex property elegantly illustrates the -stacking and the C-HÁ Á Á interactions observed in the crystal packing of (II). A view along the b axis of the crystal packing of compound (I). The hydrogen-bonding interactions (see Table 1 ) are shown as dashed lines. For clarity, only hydrogen atoms H3 and H18A have been included.
Figure 5
A view along the b axis of the crystal packing of compound (II), showing the C-HÁ Á ÁN hydrogen bonds and the C-HÁ Á Á interactions (see Table 2 ) as dashed lines. The offset -interactions are indicated by double-headed red arrows. For clarity, only hydrogen atoms H3 and H12A have been included. The reduced cell of SOSXIJ indicates that it is isotypic with compound (II). Compound LAPVOP resides on a mirror plane, while compound SIKKAA crystallizes with two independent molecules in the asymmetric unit. The geometrical parameters of the oxadiazole rings are similar to those reported above for the title compounds. The 4-substituted phenyl rings are inclined to the oxadiazole ring by 0.0 in LAPVOP (as it lies in a mirror plane), 3.01 and 3.31 in the two independent molecules of SIKKAA and 10.44 in SOSXIJ. In the title compounds the corresponding dihedral angle is 20.8 (2) for compound (I) and 9.5 (1) for compound (II).
Synthesis and crystallization
Compounds (I) and (II) were synthesized via condensation of adamantane-1-carboxylic acid with 4-fluorobenzohydrazide, or 4-chlorobenzohydrazide in the presence of phosphorus oxychloride, as described previously (Kadi et al., 2007) . Colourless plate-like crystals of compound (I) and colourless needle-like crystals of compound (II) were obtained by slow evaporation of CHCl 3 :EtOH (1:1 v:v) solutions at room temperature.
Refinement
Crystal data, data collection and structure refinement details are summarized in calculated positions and treated as riding atoms: C-H = 0.95-1.00 Å with U iso = 1.2U eq (C). program(s) used to refine structure: SHELXL (Sheldrick, 2015b); molecular graphics: Mercury (Macrae et al., 2008) ; software used to prepare material for publication: OLEX2 (Dolomanov et al., 2009 ).
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2-(Adamantan-1-yl)-5-(4-fluorophenyl)-1,3,4-oxadiazole (I)
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
Hydrogen-bond geometry (Å, º)
Cg1 is the centroid of the C1-C6 ring. Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
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